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Abstract - In this paper, an  approach based on the principal component analysis technique (PCA) was applied to the 
determination of   associated ionic liquid biosensor. By analyzing six parameters, the integrated system  allows us to classify 
glucose biosensor.  Data base of biosensors exploited  contains  several samples containing GoX, ionic liquids and  nanotube of 
carbon ( NTC) .   
We  present  how  can  progress  characteristics’  of  biosensors.  We  compare  experimental  biosensor  fabrication  based  on    
glucose  biosensor  based  on  direct  assembly  of  Prussian  blue  film  with  ionic  liquid-chitosan  matrix  assisted  enzyme  
immobilization with theoretical  approach based on PCA.    
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Conference Program Chairs. 
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1. Introduction 
      Ionic liquids using in enzymatic synthesis is very promising research. The first published work was in 2000  by 
Erbeldinger et coll.1. This research work describes  [bmim][PF ] using as another choice from acétoacétate  in 
dipeptide Z-aspartame synthesis with thermolysines. The rentability is the same but enzyme stability is higher  when  
ionic  liquids  is  used 2.    Seddon  et  coll. 3  published    the  using  of  [bmim]   [PF6 ]  and  [bmim][BF4 ]  as  
reactive solvent in several reactions catalysed by « une lipase” (Candida Antartica).  The rentability of  reactions  of 
« transestérification »  seems littely higher when we used ionic liquids  comparing t-BuOH. Consequently the  using 
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of this kind of solvent is compatible with an enzymatic system.    
      In  another  hand,  ionic  liquids    plays  new  role  when  we  associate  them  with  carbon  nanotubes.  This  
association or modification  based on Vander-Wales interaction between  imidazolium ion of ionic liquid and p- 
electronic surface of the nanotube 4  . 
      The purpose of the present work consist of establishing date analysis of  samples data base which use ionic  
liquids as a  basis to modify electrodes fixed on  enzyme matrix. We try to show how nanotubes of carbone can  
improve biosensor performances containing the chain composed by modified electrode, ionic liquids and enzyme  
matrix.   During analysis,  we used an enzyme based on oxydo-reduction7 which consists of  GO (Glucose-  
Oxydase) which we associate in first step several ionic liquids, we show using date mining 5-9 how testing some  
given  sample  in  the  performed  cartography  of  research  works  linking  Glucose-Oxydase  enzyme  and  ionic   
liquids.  We  will  integrate  in  second  step  of  the  data  mining  nanotube  of  carbon  characteristics    In  order  
to  perform  this  cartography,  we  used  characteristics  variables  like      response  time,  detection  limit,  Life  of  
cycle,  Enzyme Raman Characterization10.    
 
The  present  paper  is  organized  as  follows  :  the  section  two  presents  principal  component  analysis  
principles.  The section three describes experimental model of the chosen biosensor.  This section gives  details 
about the application of PCA to the used data base and explain correlation between  characteristics  variables. At the 
end, we suggest global approach which deal with specific domain of data mining applied to biosensors specification.     
 
2.  Principal Component Analysis   
The statistics can be shown depending on the target; classical statistical methods are used either to explore the  data 
(exploratory statistical named) is to predict behavior. The exploratory statistic is based on descriptive and  graphical 
techniques. It is usually described by descriptive statistics which includes simple exploratory methods,  one- or two-
dimensional (mean, moments, quantiles, variance, correlation, ...) and multidimensional exploratory  statistics. Data 
analysis is in this context of multidimensional exploratory statistics.   
The Principal Component Analysis (PCA) in English (Principal Component was analyzing PCA) is a descriptive  
technique its use dates back to early last century for the use of data; To study the relationship between variables,  
excluding  a  priori  of  any  structure.  The  object  of  PCA  is  to  identify  the  dependency  structure  between  
multivariate observations to obtain a description or a compact representation thereof (variables). Its use has been  
restricted to a projection data on different factor axes.   
PCA is a technique of linear orthogonal projection which projects multivariate observations represented in an m- 
dimensional  subspace  (m  being  the  number  of  observed  variables)  in  a  lower  dimension  subspace  (l  <m)  
maximizing the variable projections.   
 
The  ACP  can  be  regarded  as  a  technique  for  minimizing  the  square  error  estimation  or  a  variance  of  the  
projections maximization technique (both of these criteria are equivalent). The PCA is used as a modeling tool of  
relationships between different variables representing the behavior of any process. The estimation of the PCA  
model parameters is achieved by calculating the eigenvalues  and eigenvectors of the correlation matrix of the  data, 
however, for determining the structure of the model, determine the number of components retained in the  model, 
for Therefore several criteria for selecting the number of component in our work the criterion we adopt is  based on 
the principle of variance reconstitution, for the selection of the number of components to retain in the  PCA model 
because it exploits the redundancy between variables. This number identifies the PCA model.   
   
     3.    Application of  PCA.   
            3.1    Experimental Model    
      We rely on a  synthesis process developed for glucose biosensors construction11: GOx / Chi / IL / PB / Pt  (line 
No. 3 in Table 1) Prussian blue (PB) a. changed simply by the direct assembly process electrode. The ionic  liquid  
matrix  (IL)  assisted  chitosan  (Chi)  was  used  for  the  immobilization  of  glucose  oxidase  (GOx)  to  the  
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electrode   PB.   The   presence   of   OH   (1-butyl-3-   methylimidazolium   tetrafluoroborate,   [bmim]   BF4)   can  
effectively enhance the electron transfer rate and reduce the interfacial resistance. This biosensor showed a faster   
response time within 3 seconds, a linear range up to 0.01 to 4.2 mM, 5µM low detection limit and sensitivity  of  
37.8 µA  mM-1  cm-2.  Due  to  the  biocompatibility  of  the  composite  matrix  IL Chi,  biosensor  showed  a  
satisfactory stability in storage over 40 days with retention of activity 90.4%. In addition, the biosensor has good  
selectivity was attributed to the low potential worker operation (-0.05 V vs. Ag / AgCl).   
 
3.2    Analysis of  PCA Results     
Among the criteria we set ourselves to build the database  ( see table 1-a  table 1-b  ) , we opted for the Raman  
spectrum characterization of the enzyme and that of the ionic liquid used which we met with other experimental  
features such as the response time , detection limit, life cycle 4,11-23. Therefore we will study the correlation between 
four  parameters and Raman spectra associated with enzymes and ionic liquids.   
 
Biosensor structure  Repsonse time 
(Second)  
 detection limit 
(mol) 
life cycle        
( days) 
Raman Characterisation  
( cm-1) 
biosensor 1 10 0,01  10-3  15 1095 
biosensor 2 3 5  10-6   40 1095 
biosensor 3 3 5  10-6   40 488 
biosensor 4 3 69.26 15 588 
biosensor 5 12 20 45 588 
biosensor 6 10 0.397 7 588 
biosensor 7 10 0.1 6 588 
biosensor 8 300 0.8 10-3       6 1095 
biosensor 9 300  2 10-3 6 1095 
biosensor 10 300 2 10-3  6 1095 
biosensor 11 300 3 10-3 6 1095 
biosensor 12 300 0.03 10-3 6 1095 
biosensor 13 300 0.8 10-3 6 1350 
biosensor 14 300 0.38 10-3 6 1095 
Table 1-a  :  Biosensors characteristics 
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biosensor 1 1-butyl-3-methylimidazolium tetrafluoroborate ([BMIm][BF4])  ( variante 1)  
biosensor 2 (1-butyl-3- méthylimidazolium tétrafluoroborate, [bmim] BF4)  (variant 2)  
biosensor 3 GOx/Chi/IK/BP/pt 
biosensor 4 GCE/PB/MWNTs-GOx-Chi-ICPTES 
biosensor 5 GCE/PB/chi-auNPs/GOD 
biosensor 6 GCE/PB/silica sol-gel-GOD 
biosensor 7 AuE/CS/CS-PB/GOD 
biosensor 8 GCE/Fe3O4/PB/GOD 
biosensor 9 MWCNTs-[BMIM]BF4-Nafion/GCE 
biosensor 10 MWCNTs-[BMIM](BF4/PF6/Tf2N)gel/AuE   
biosensor 11 SWCNTs-[BMIM]BF4/GCE      
biosensor 12 MWCNTs-[BMIM]BF4-HA/GCE   
biosensor 13 SWCNTs-NH2[EMIM]Br-GNP/GCE 
biosensor 14 SWCNTs-[BMIM]PF6-gel/GCE    
Table 1-b:  Biosensors structures 
                                                                                                      
In figure 1, the component F1 and F2 represent 82,80 % of information : response time and Raman characteristics  
are significant information.  We observe in figure 2  that  the biosensor presented in section 3.1  represented by 
biosensor 3 have acceptable life cycle time, the biosensors which integrate nanostructures (nano tube of carbon)  are 
well represented by Raman characteristics and have better response time. We can explain this by the  instability of 
nanostructures integrated in biosensors.    
 
 
 
 
 
 
 
 
 
                                                                                                    
 
 
 
                 
 4.     Conclusion   
The   present   approach   allows   us   to   compare   experimental   model   of   glucose   biosensor   and   theoretical  
improvement of biosensor performance. The main difficulty  during the  realization of this work consists of full  data  
base  characteristics  of  biosensors.  Some  approximations  were  done  in  order  to  the  full  data  base.  As  
 
Figure 2  : Biplot of  axes F1and F2 
 
Figure 1 : Variables graph 
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perspective to this  work, we project to associate  other formalisms  qui can dealt with the classification obtained  
using PCA and integrating other variables which characterize biosensors.    
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